"CONTRIBUTION*What are the novel findings of this work?*This prospective longitudinal study showed that increased fetal intra‐abdominal bowel diameter measured on at least three occasions can differentiate between simple and complex (atresia, volvulus, perforation or necrosis of the bowel) gastroschisis.*What are the clinical implications of this work?*Children born with complex gastroschisis have a higher morbidity than do children with simple gastroschisis. This study identifies ultrasound markers that may help to identify those fetuses that are at risk of a complicated neonatal period."

INTRODUCTION {#uog21888-sec-0009}
============

Gastroschisis is diagnosed antenatally in over 90% of cases[1](#UOG21888-bib-0001){ref-type="ref"}. Although for liveborn infants with gastroschisis the rate of survival to initial hospital discharge is good (\> 90%)[2](#UOG21888-bib-0002){ref-type="ref"}--[6](#UOG21888-bib-0006){ref-type="ref"}, the risk of intrauterine death (IUD) is still 7.5 times higher than in the normal population[7](#UOG21888-bib-0007){ref-type="ref"} and morbidity occurs in 30% of affected liveborns. The condition of the bowel at birth is an important prognostic factor for neonatal outcome[8](#UOG21888-bib-0008){ref-type="ref"}. Compared with gastroschisis cases without additional intestinal abnormalities (simple gastroschisis), children born with complex gastroschisis (i.e. involving atresia, volvulus, perforation or necrosis of the bowel) have an increased risk of mortality and morbidity, and of prolonged hospitalization, long‐term use of parenteral nutrition, additional ventilation days, need for multiple surgical procedures and postoperative complications[9](#UOG21888-bib-0009){ref-type="ref"}--[11](#UOG21888-bib-0011){ref-type="ref"}.

The antenatal prediction of intestinal complications in infants with gastroschisis could identify those cases that might benefit from obstetric intervention, such as preterm induction of labor and improved parental counseling. In addition, prenatal identification of bowel atresia would help the surgeon to plan a timely repair; at present, bowel atresia is missed at the first surgery in about 40% of cases because significant individual bowel loops cannot be identified[12](#UOG21888-bib-0012){ref-type="ref"}--[14](#UOG21888-bib-0014){ref-type="ref"}.

Numerous attempts have been made to correlate antenatal ultrasound findings with neonatal outcomes in pregnancies with fetal gastroschisis. Reports are conflicting because of the small size of the study populations, retrospective study design and non‐standardized methods and timing of ultrasound examinations[15](#UOG21888-bib-0015){ref-type="ref"}, [16](#UOG21888-bib-0016){ref-type="ref"}. A recent meta‐analysis, based mainly on retrospective studies, showed that intra‐abdominal bowel dilatation and polyhydramnios are the best ultrasound markers for bowel atresia; however, definitions of bowel dilatation and polyhydramnios were not given[16](#UOG21888-bib-0016){ref-type="ref"}.

We conducted a prospective longitudinal multicenter study of pregnancies with isolated fetal gastroschisis that underwent fetal ultrasound assessment and surveillance according to a standardized protocol, in order to identify antenatal ultrasound markers that could differentiate between complex and simple gastroschisis. In addition to bowel dilatation and polyhydramnios, we documented fetal biometry, including abdominal circumference (AC), and the blood flow pattern of the superior mesenteric artery (SMA) as potential markers for complex gastroschisis.

METHODS {#uog21888-sec-0010}
=======

In The Netherlands, all pregnancies diagnosed with fetal gastroschisis are referred to one of seven university medical centers with a pediatric surgery department. This prospective nationwide longitudinal observational cohort study was conducted at all seven centers between 2010 and 2015. Pregnancies with fetal gastroschisis confirmed by ultrasound and with no suspicion of other extragastrointestinal congenital disorder that could potentially influence the outcome were eligible for participation. Cases found to have major extragastrointestinal congenital abnormalities (non‐isolated gastroschisis) at any time, pre‐ or postnatally, were excluded *post hoc*. The study protocol was approved by the Medical Review Ethics Committee of each participating center.

Ultrasound examination {#uog21888-sec-0011}
----------------------

As part of the Dutch healthcare system, all pregnancies undergo a fetal anomaly scan at 18--22 weeks\' gestation to detect structural anomalies. After obtaining informed consent from the parents to participate in the study, all pregnancies with gastroschisis underwent ultrasound follow‐up evaluations at 24, 28, 30, 32, 34, 35 and 36 weeks. During each examination, fetal biometry and amniotic fluid index were evaluated and the pulsatility index (PI) of the umbilical artery (UA), SMA‐PI and bowel diameter were measured. All examinations were carried out by trained ultrasonographers using a GE Voluson 730 or E8 (GE Healthcare, Zipf, Austria) ultrasound machine, with a 4--8‐MHz transabdominal transducer.

Polyhydramnios was defined as an amniotic fluid index ≥ 24 cm[17](#UOG21888-bib-0017){ref-type="ref"}. Intra‐ and extra‐abdominal bowel diameters were measured at the short axis of the bowel lumen (inner to inner wall) of the most dilated bowel segment. Intra‐abdominal SMA velocity measurements were obtained in a sagittal or axial plane of the fetal abdomen after its origin from the aorta, just above the renal arteries (with an angle of insonation below 30°)[18](#UOG21888-bib-0018){ref-type="ref"}. The extra‐abdominal SMA was identified and its flow velocity measured directly distally to the abdominal wall defect.

In both simple‐ and complex‐gastroschisis cases, the AC and estimated fetal weight (EFW) were measured and the values were expressed as *Z*‐scores and compared with well‐established reference data[19](#UOG21888-bib-0019){ref-type="ref"}, [20](#UOG21888-bib-0020){ref-type="ref"}. The occurrence of polyhydramnios during pregnancy was compared between cases with simple and those with complex gastroschisis.

The intra‐ and extra‐abdominal bowel diameters of both the simple‐ and complex‐gastroschisis cases were compared with the longitudinal reference curves for normal fetal colon diameters (based on 39 uncomplicated pregnancies at one of the participating units)[21](#UOG21888-bib-0021){ref-type="ref"}.

The raw SMA‐PI measurements in simple‐ and complex‐gastroschisis cases were compared with the reference ranges for fetal SMA‐PI described by Ebbing *et al*.[18](#UOG21888-bib-0018){ref-type="ref"} and expressed as *Z*‐scores.

Fetal monitoring and labor {#uog21888-sec-0012}
--------------------------

Cardiotocographic surveillance was performed from 34 weeks\' gestation at least twice a week in a home‐monitoring or outpatient setting until delivery. Delivery was planned from 37 weeks onwards by induction of labor[22](#UOG21888-bib-0022){ref-type="ref"}. Cesarean delivery was performed only for obstetric reasons, such as fetal distress or failure to progress in labor.

Birth weight was expressed as a *Z*‐score according to Dutch reference charts, adjusted for parity, sex and gestational age at birth. Small‐for‐gestational age was defined as a neonate with a birth weight \< 10^th^ percentile based on The Netherlands Perinatal Registry data/ Dutch reference curves[23](#UOG21888-bib-0023){ref-type="ref"}.

Neonatal care {#uog21888-sec-0013}
-------------

Primary operative abdominal‐wall repair of gastroschisis was attempted in all cases based on the condition of the child, the volume of exteriorized viscera and the judgment of the surgeon. If the viscera could not be reduced primarily, a silo bag was placed and elective closure of the abdominal wall was planned in subsequent days. Gastroschisis cases were categorized as simple or complex based on the condition of the gastrointestinal tract at birth. The presence of atresia, volvulus, necrosis or perforation of the bowel at birth was defined as complex gastroschisis[9](#UOG21888-bib-0009){ref-type="ref"}, [24](#UOG21888-bib-0024){ref-type="ref"}. The primary outcome was simple or complex gastroschisis at birth.

Statistical analysis {#uog21888-sec-0014}
--------------------

Statistical analysis was performed using the statistical software package SPSS version 23 (SPSS Inc., Chicago, IL, USA). Results are summarized as *n* (%) for categorical variables and mean ± SD or median (range) for continuous variables. The normality of the continuous variables was assessed using the Kolmogorov--Smirnov test and Q--Q plot. Comparison of clinical characteristics between the two study groups (simple and complex gastroschisis) was performed using standard statistical tests. The Mann--Whitney *U*‐test was used to compare continuous data with skewed distribution and the unpaired *t*‐test was used for comparison of variables for which the assumption of normal distribution was retained. Comparison of categorical variables was performed using either the chi‐square test or Fisher\'s exact test, as appropriate. The Yates\' continuity of correction factor was added to the chi‐square test when testing two variables each with two categories (2 × 2 contingency table). Linear mixed modeling was performed to analyze the regression of serial measurements over time, for the biometric variables (*Z*‐scores), intestinal intra‐ and extra‐abdominal diameters and PI values of the UA and SMA (*Z*‐scores). Models with linear and quadratic components of gestational age (centered at 20 weeks) were explored and compared using the Bayesian information criterion. If significant differences in ultrasound parameters were found between the simple‐ and complex‐gastroschisis cases, logistic regression analysis was performed to estimate the strength of the association between different ultrasound parameters and outcome; *P* \< 0.05 was considered statistically significant.

RESULTS {#uog21888-sec-0015}
=======

During the study period, 131 pregnancies were diagnosed with fetal gastroschisis in The Netherlands. Of these, 27 (20.6%) were excluded from the study: one pregnancy resulted in IUD before 20 weeks\' gestation, 12 couples opted for termination of the pregnancy and 14 couples did not want to participate. Therefore, 104 pregnancies with isolated fetal gastroschisis were included in the study, comprising 103 singleton pregnancies and one dichorionic twin pregnancy with one affected fetus. Four of the pregnancies resulted in IUD; apart from severe growth restriction, no other causes of IUD were identified (Table [S1](#uog21888-supitem-0001){ref-type="supplementary-material"}).

Table [1](#uog21888-tbl-0001){ref-type="table"} shows the maternal characteristics and perinatal outcomes of the remaining 100 pregnancies with liveborn neonates, according to whether they were diagnosed with simple (*n* = 81; 81%) or complex (*n* = 19; 19%) gastroschisis. There were no significant differences between the two groups with respect to maternal characteristics. Children with complex gastroschisis were born on average 1 week earlier (*P* = 0.02) and more often after spontaneous onset of delivery (*P* = 0.003) than were those with simple gastroschisis. All other perinatal outcomes were not significantly different between the two groups.

###### 

Maternal characteristics and perinatal outcomes of 100 liveborn infants with gastroschisis, according to whether they were diagnosed with simple or complex gastroschisis

  Parameter                                                                                                               Simple gastroschisis (*n* = 81)   Complex gastroschisis (*n* = 19)     *P*
  ---------------------------------------------------------------------------------------------------------------------- --------------------------------- ---------------------------------- ----------
  Maternal characteristic                                                                                                                                                                     
  Maternal age (years)                                                                                                              26.3 ± 5.5                         26.9 ± 4.9                0.54
  Nulliparous                                                                                                                        57 (70.4)                         15 (78.9)                 0.58
  Body mass index (kg/m^2^)[^a^](#uog21888-note-0003){ref-type="fn"}                                                                22.9 ± 3.7                         22.4 ± 3.3                0.59
  Smoker in first trimester[^b^](#uog21888-note-0004){ref-type="fn"}                                                                 21 (29.2)                          6 (33.3)                 0.78
  Perinatal outcome                                                                                                                                                                           
  GA at birth (weeks)                                                                                                            36.9 (31.9--38.3)                 36.0 (32.3--37.6)             0.02
  Onset of delivery                                                                                                                                                                              0.003
  Spontaneous                                                                                                                        21 (25.9)                         11 (57.9)              
  Induction                                                                                                                          48 (59.3)                          3 (15.8)              
  Cesarean section                                                                                                                   12 (14.8)                          5 (26.3)              
  Mode of delivery                                                                                                                                                                               0.05
  Spontaneous vaginal                                                                                                                59 (72.8)                         11 (57.9)              
  Instrumental vaginal                                                                                                                2 (2.5)                           3 (15.8)              
  Cesarean section                                                                                                                   20 (24.7)                          5 (26.3)              
  Birth weight (g)                                                                                                                  2500 ± 464                         2372 ± 403                0.27
  Birth weight \< 10^th^ percentile                                                                                                  12 (14.8)                          4 (21.1)                 0.50
  Male gender                                                                                                                        41 (50.6)                         12 (63.2)                 0.32
  Primary closure[^c^](#uog21888-note-0005){ref-type="fn"}                                                                           52 (65.0)                         11 (57.9)                 0.56
  Repeat surgery after defect closure                                                                                                35 (43.2)                         17 (89.5)               \< 0.001
  Bowel condition at birth                                                                                                                                                                    
  Atresia                                                                                                                               ---                            18 (94.7)              
  Antenatal volvulus                                                                                                                    ---                             1 (5.3)               
  Necrosis                                                                                                                              ---                             3 (15.8)              
  Perforation                                                                                                                           ---                             3 (15.8)              
  Intestinal complications[\*](#uog21888-note-0008){ref-type="fn"}                                                                    2 (2.5)                           5 (26.3)                0.0025
  Non‐intestinal complications                                                                                                                                                                
  Cholestatic icterus                                                                                                                23 (28.4)                         14 (73.7)               \< 0.001
  Line sepsis                                                                                                                        27 (33.3)                         12 (63.2)                0.021
  Wound infections                                                                                                                   9 (11.1)                           4 (21.1)                 0.26
  Respiratory problems                                                                                                               14 (17.3)                          3 (15.8)                 1.00
  Neurological problems                                                                                                              10 (12.3)                          1 (5.3)                  0.69
  Mortality                                                                                                                           1 (1.2)                           2 (10.5)                 0.09
  Time to full enteral feeding (days)[^d^](#uog21888-note-0006){ref-type="fn"} [†](#uog21888-note-0009){ref-type="fn"}              27 (8--183)                       90 (13--236)             \< 0.001
  Length of hospital stay (days)[^e^](#uog21888-note-0007){ref-type="fn"}, [‡](#uog21888-note-0010){ref-type="fn"}                 37 (12--155)                       99 (31--203)             \< 0.001

Data are given as mean ± SD, median (range) or *n* (%). Data available for:

74 patients in simple‐gastroschisis group;

72 patients in simple‐gastroschisis group and 18 in complex‐gastroschisis group;

80 patients in simple‐gastroschisis group;

80 patients in simple‐gastroschisis group and 17 in complex‐gastroschisis group (three cases who died during hospital stay were not included);

78 patients in simple‐gastroschisis group and 16 in complex‐gastroschisis group (three cases who died during hospital stay were not included).

Necrotizing enterocolitis, postnatal bowel perforation, postnatal bowel stricture.

Three patients in simple‐gastroschisis group and five in complex‐gastroschisis group were discharged home with parenteral nutrition, and discharge date was defined as time to full enteral feeding.

Information for length of hospital stay was missing for three patients (two in simple‐gastroschisis group and one in complex‐gastroschisis group) who were transferred to regional hospital.

GA, gestational age.

The most common additional gastrointestinal disorder was bowel atresia, accounting for 94.7% (18/19) of cases with complex gastroschisis. The remaining case had perforation of the proximal jejunum without atresia. Six cases with complex gastroschisis had more than one additional intestinal disorder. Minor additional congenital abnormalities were unilateral clubfoot in one child and hydronephrosis in six children.

Three postnatal deaths occurred: one (1.2%) in the simple‐gastroschisis group and two (10.5%) in the complex‐gastroschisis group (*P* = 0.09). The case with simple gastroschisis died 48 days after birth owing to respiratory insufficiency and severe hydrocephalus after a subdural hematoma. One case with complex gastroschisis died 128 days after birth owing to multiorgan failure after repeat operations for small‐bowel perforation and sepsis. The second case with complex gastroschisis died 254 days after delivery because of persistent sepsis caused by perforation of the duodenum after adhesiolysis.

Median time to full enteral feeding and length of hospital stay were three times longer in the complex‐gastroschisis group than in the simple‐gastroschisis group (both *P* \< 0.001). The incidence of common neonatal respiratory and neurological complications was similar between the two groups, but fetuses with complex gastroschisis more often needed repeat surgical interventions (*P* \< 0.001), as expected.

Fetal ultrasound evaluation {#uog21888-sec-0016}
---------------------------

The mean number of serial measurements per fetus and the mean gestational age at first and last examination were similar between the two groups for biometry and most Doppler variables evaluated (Table [S2](#uog21888-supitem-0001){ref-type="supplementary-material"}).

Polyhydramnios occurred in six cases (7.4%) with simple gastroschisis and in three (15.8%) with complex gastroschisis (*P* = 0.37). Neonatal mortality was significantly higher in cases with polyhydramnios (22.2% (2/9; one case with simple and one with complex gastroschisis)) than in those without (1.1% (1/90; one case with complex gastroschisis)) (*P* = 0.02).

Both simple‐ and complex‐gastroschisis cases had a smaller AC and lower EFW than did normal controls (Figure [1](#uog21888-fig-0001){ref-type="fig"}), but the model‐predicted trajectories for AC and EFW did not differ between the simple‐ and complex‐gastroschisis groups (Table [S3](#uog21888-supitem-0001){ref-type="supplementary-material"}).

![Distribution of serial measurements of abdominal circumference (a) and estimated fetal weight (b), expressed as *Z*‐scores, in 19 fetuses with complex (![](UOG-55-776-g005.jpg "image")) and 81 with simple (![](UOG-55-776-g006.jpg "image")) gastroschisis, presented relative to reference lines (mean ± 2SD) for normal population (![](UOG-55-776-g007.jpg "image")). Model‐predicted median curves, based on linear mixed modeling, are shown for simple‐gastroschisis (![](UOG-55-776-g008.jpg "image")) and complex‐gastroschisis (![](UOG-55-776-g009.jpg "image")) groups.](UOG-55-776-g001){#uog21888-fig-0001}

The distribution of the UA‐PI measurements of gastroschisis cases was comparable to that of normal reference ranges and did not differ between fetuses with simple and those with complex gastroschisis (data not shown).

In fetuses with simple gastroschisis, the intra‐abdominal bowel diameter was similar to the colon diameter in normal fetuses , but the extra‐abdominal bowel diameter was generally larger (Figure [2](#uog21888-fig-0002){ref-type="fig"}). Compared with normal controls, fetuses with complex gastroschisis had larger intra‐ and extra‐abdominal bowel diameters, with the intra‐abdominal bowel diameter exceeding the 97.7^th^ percentile of controls in just over half of the cases and the extra‐abdominal bowel diameter exceeding the 97.7^th^ percentile in over 70% of third‐trimester measurements. Cases with complex gastroschisis had larger intra‐ and extra‐abdominal bowel diameters than did those with simple gastroschisis (*P* \< 0.001 and *P* \< 0.005, respectively; Table [S3](#uog21888-supitem-0001){ref-type="supplementary-material"}), resulting in different model‐predicted trajectories (Figure [2](#uog21888-fig-0002){ref-type="fig"}).

![Distribution of serial measurements of intra‐abdominal (a) and extra‐abdominal (b) bowel diameter in 19 fetuses with complex (![](UOG-55-776-g010.jpg "image")) and 81 with simple (![](UOG-55-776-g011.jpg "image")) gastroschisis. Model‐predicted 50^th^ percentile (P50) curves, calculated based on linear mixed modeling, are shown for simple‐gastroschisis (![](UOG-55-776-g012.jpg "image")) and complex‐gastroschisis (![](UOG-55-776-g013.jpg "image")) groups. Reference curves (2.3^rd^ (P2.3), 50^th^ (P50) and 97.7^th^ (P97.7) percentiles) for colon diameter in normal fetuses are also shown (![](UOG-55-776-g014.jpg "image")).](UOG-55-776-g002){#uog21888-fig-0002}

There were only a few complex‐gastroschisis cases with consistently large intra‐ and/or extra‐abdominal bowel diameters, while in the rest of the cases, the bowel diameters varied over time, tending to normalize near term. This is illustrated in Figure [3](#uog21888-fig-0003){ref-type="fig"}c, which shows the individual trajectories of the intra‐abdominal bowel diameter for all complex‐gastroschisis cases. Intra‐abdominal bowel diameter ≥ 97.7^th^ percentile on at least two or three occasions, not necessarily successive ones, during a fetus\'s development was predictive of complex gastroschisis (Table [2](#uog21888-tbl-0002){ref-type="table"}). Statistical significance was reached for the occurrence of at least three intra‐abdominal bowel measurements ≥ 97.7^th^ percentile, with an odds ratio (OR) of 4.39 (95% CI, 1.46--13.21) (*P* = 0.009), relative risk of 1.56 (95% CI, 1.02--2.10) (*P* = 0.006), sensitivity of 40.9%, specificity of 86.4% and positive and negative predictive values of 50.0% and 81.4%, respectively.

![Individual trajectories, according to gestational age, of intra‐abdominal (a,c) and extra‐abdominal (b,d) bowel diameter measurements in 81 fetuses with simple (a,b) and 19 fetuses with complex (c,d) gastroschisis. Reference curves (50^th^ (P50) and 97.7^th^ (P97.7) percentiles) for colon diameter in normal fetuses are shown (![](UOG-55-776-g015.jpg "image")).](UOG-55-776-g003){#uog21888-fig-0003}

###### 

Potential predictors of complex gastroschisis

+-----------------------------------------+-----------------+---------------------+--------+-----+--------------------+
| Variable                                | β (SE)          | Odds ratio          | *P*    | *n* | Nagelkerke *R* ^2^ |
|                                         |                 |                     |        |     |                    |
|                                         |                 | (95% CI)            |        |     |                    |
+:========================================+:===============:+:===================:+:======:+:===:+:==================:+
| Polyhydramnios                          | 0.84 (0.76)     |  2.31 (0.52--10.24) | 0.27   | 99  | 0.018              |
+-----------------------------------------+-----------------+---------------------+--------+-----+--------------------+
| IA bowel diameter ≥ 97.7^th^ percentile |                 |                     |        |     |                    |
+-----------------------------------------+-----------------+---------------------+--------+-----+--------------------+
| ≥ 1 event per fetus                     | 0.94 (0.61)     | 2.56 (0.77--8.46)   | 0.12   | 93  | 0.044              |
+-----------------------------------------+-----------------+---------------------+--------+-----+--------------------+
| ≥ 2 events per fetus                    | 0.98 (0.54)     | 2.66 (0.93--7.64)   | 0.07   | 90  | 0.058              |
+-----------------------------------------+-----------------+---------------------+--------+-----+--------------------+
| ≥ 3 events per fetus                    | 1.48 (0.56)     |  4.39 (1.46--13.21) |  0.009 | 89  | 0.117              |
+-----------------------------------------+-----------------+---------------------+--------+-----+--------------------+
| Final measurement                       | 0.02 (0.56)     | 1.02 (0.34--3.05)   | 0.97   | 91  | 0.001              |
+-----------------------------------------+-----------------+---------------------+--------+-----+--------------------+
| EA bowel diameter ≥ 97.7^th^ percentile |                 |                     |        |     |                    |
+-----------------------------------------+-----------------+---------------------+--------+-----+--------------------+
| ≥ 1 event per fetus                     | 0.09 (0.83)     | 1.09 (0.22--5.53)   | 0.92   | 98  | 0.001              |
+-----------------------------------------+-----------------+---------------------+--------+-----+--------------------+
| ≥ 2 events per fetus                    | --0.47 (0.65)   | 0.63 (0.18--2.23)   | 0.47   | 97  | 0.008              |
+-----------------------------------------+-----------------+---------------------+--------+-----+--------------------+
| ≥ 3 events per fetus                    | 0.17 (0.62)     | 1.19 (0.35--4.03)   | 0.78   | 97  | 0.001              |
+-----------------------------------------+-----------------+---------------------+--------+-----+--------------------+
| Final measurement                       | --0.19 (0.59)   | 0.83 (0.26--2.61)   | 0.75   | 98  | 0.002              |
+-----------------------------------------+-----------------+---------------------+--------+-----+--------------------+
| IA SMA‐PI ≤ 2.3^rd^ percentile          |                 |                     |        |     |                    |
+-----------------------------------------+-----------------+---------------------+--------+-----+--------------------+
| ≥ 1 event per fetus                     | 0.24 (0.70)     | 1.27 (0.32--4.95)   | 0.74   | 92  | 0.002              |
+-----------------------------------------+-----------------+---------------------+--------+-----+--------------------+
| ≥ 2 events per fetus                    | 0.28 (0.61)     | 1.33 (0.41--4.36)   | 0.64   | 87  | 0.004              |
+-----------------------------------------+-----------------+---------------------+--------+-----+--------------------+
| ≥ 3 events per fetus                    | 0.65 (0.66)     | 1.92 (0.53--6.96)   | 0.32   | 76  | 0.023              |
+-----------------------------------------+-----------------+---------------------+--------+-----+--------------------+
| EA SMA‐PI ≤ 2.3^rd^ percentile          |                 |                     |        |     |                    |
+-----------------------------------------+-----------------+---------------------+--------+-----+--------------------+
| ≥ 1 event per fetus                     | --0.05 (0.84)   | 0.96 (0.19--4.94)   | 0.96   | 93  | 0.001              |
+-----------------------------------------+-----------------+---------------------+--------+-----+--------------------+
| ≥ 2 events per fetus                    | 0.10 (0.71)     | 1.10 (0.28--4.41)   | 0.89   | 85  | 0.001              |
+-----------------------------------------+-----------------+---------------------+--------+-----+--------------------+
| ≥ 3 events per fetus                    | 0.41 (0.66)     | 1.51 (0.41--5.54)   | 0.53   | 77  | 0.009              |
+-----------------------------------------+-----------------+---------------------+--------+-----+--------------------+

EA, extra‐abdominal; IA, intra‐abdominal; PI, pulsatility index; SMA, superior mesenteric artery.

Individual fetal trajectories for the extra‐abdominal bowel diameter of complex‐gastroschisis cases were analyzed in a similar way, but did not show significant results (Table [2](#uog21888-tbl-0002){ref-type="table"}, Figure [3](#uog21888-fig-0003){ref-type="fig"}d). For comparison, the individual trajectories for intra‐ and extra‐abdominal bowel diameters in fetuses with simple gastroschisis are shown in Figures [3](#uog21888-fig-0003){ref-type="fig"}a and [3](#uog21888-fig-0003){ref-type="fig"}b.

Doppler measurements of intra‐ and extra‐abdominal SMA‐PI in fetuses with complex and those with simple gastroschisis are shown in Figure [4](#uog21888-fig-0004){ref-type="fig"}. Overall, 83% of intra‐abdominal and 89% of extra‐abdominal SMA‐PI measurements were below the median (50^th^ percentile) of the normal reference ranges. The lowest PI values were found for the extra‐abdominal SMA. Simple‐ and complex‐gastroschisis cases had similar developmental trajectories for the intra‐ and extra‐abdominal SMA‐PI measurements (Figure [4](#uog21888-fig-0004){ref-type="fig"}, Table [S3](#uog21888-supitem-0001){ref-type="supplementary-material"}). Intra‐ and extra‐abdominal SMA‐PI measurements were not predictive of complex gastroschisis (Table [2](#uog21888-tbl-0002){ref-type="table"}). There was no significant relationship between SMA‐PI and the degree of bowel dilatation (data not shown).

![Distribution of serial measurements of intra‐abdominal superior mesenteric artery pulsatility index (SMA‐PI) (a) and extra‐abdominal SMA‐PI (b), expressed as *Z*‐scores, in 19 fetuses with complex (![](UOG-55-776-g016.jpg "image")) and 81 with simple (![](UOG-55-776-g017.jpg "image")) gastroschisis, presented relative to reference lines (mean ± 2SD) for normal population (![](UOG-55-776-g018.jpg "image")). Model‐predicted median curves, based on linear mixed modeling, are shown for simple‐gastroschisis (![](UOG-55-776-g019.jpg "image")) and complex‐gastroschisis (![](UOG-55-776-g020.jpg "image")) groups.](UOG-55-776-g004){#uog21888-fig-0004}

DISCUSSION {#uog21888-sec-0017}
==========

This is the largest prospective longitudinal study to date to investigate the predictive value of antenatal ultrasound markers for complex gastroschisis. The study confirms that complex fetal gastroschisis is associated with higher morbidity than is simple gastroschisis. Although both intra‐ and extra‐abdominal bowel diameters were larger in complex‐gastroschisis cases than in fetuses with simple gastroschisis, antenatal prediction using this marker remained difficult, given the large overlap in values between the simple‐ and complex‐gastroschisis cases and fluctuations in the measured bowel diameters between successive examinations in the same fetus. If the intra‐abdominal bowel diameter is above the 97.7^th^ percentile (adjusted for gestational age) in three or more measurements during pregnancy, the likelihood of having complex gastroschisis is significantly increased for this fetus.

Compared with normal fetuses, a significantly lower flow resistance in the SMA was observed in both simple‐ and complex‐gastroschisis cases, but we were unable to differentiate between the two groups using this marker. AC, EFW, UA‐PI and amniotic fluid volume (polyhydramnios) were also not useful in discriminating between simple and complex gastroschisis. In the overall study cohort (simple and complex cases) polyhydramnios was associated with neonatal mortality but not with neonatal morbidity, although the small number of cases precludes a definitive conclusion.

Similarly to our findings, a recent meta‐analysis on prenatal ultrasound variables and their association with outcomes in gastroschisis showed that prenatal intra‐abdominal bowel dilatation was associated with bowel atresia (OR, 5.48 (95% CI, 3.1--9.8))[16](#UOG21888-bib-0016){ref-type="ref"}. However, in the studies included in this meta‐analysis (eight retrospective and one prospective study), the cut‐off values for abnormal intra‐abdominal bowel diameter either were not stated[11](#UOG21888-bib-0011){ref-type="ref"}, [25](#UOG21888-bib-0025){ref-type="ref"}, [26](#UOG21888-bib-0026){ref-type="ref"} or varied widely from 6 to 18 mm[27](#UOG21888-bib-0027){ref-type="ref"}--[32](#UOG21888-bib-0032){ref-type="ref"}, and gestational age at scanning was not reported consistently. This hinders the use of this parameter in clinical practice. Hijkoop *et al*.[33](#UOG21888-bib-0033){ref-type="ref"} demonstrated a significant association between extra‐abdominal bowel dilatation at 30 weeks\' gestation and complex gastroschisis with a high negative predictive value (88%) but also a low positive predictive value (40%).

In our study, the occurrence of intra‐abdominal bowel diameter measurements above the 97.7^th^ percentile (adjusted for gestational age) on at least three occasions was significantly different between simple‐ and complex‐gastroschisis cases. The specificity of this marker was high (86.4%); however, there was a considerable degree of overlap between simple and complex gastroschisis cases, rendering the sensitivity of the marker low (40.9%). Therefore its usefulness as a screening marker for detecting complex gastroschisis remains modest.

In search of potential markers for vascular obstruction, a putative cause of intestinal damage, we studied the PI of the SMA and found that this was on average significantly lower in fetuses with gastroschisis than in normal controls, especially with advancing gestation. It may be hypothesized that this decreased vascular resistance may be caused by vasodilatation as a consequence of progressive chronic inflammation of the extra‐abdominal bowel. This may, in turn, lead to leakage of albumin from the vessel wall and eventually to hypovolemia due to reduced serum protein concentration, and hypoperfusion of the exposed bowel[34](#UOG21888-bib-0034){ref-type="ref"}.

Our results do not support the theory that vascular constriction at the level of the abdominal wall is a cause of intestinal damage in fetal gastroschisis[35](#UOG21888-bib-0035){ref-type="ref"}, [36](#UOG21888-bib-0036){ref-type="ref"}. Only three previous studies have studied SMA Doppler velocimetry in fetal gastroschisis. Martillotti *et al*.[37](#UOG21888-bib-0037){ref-type="ref"} performed a retrospective study in which they found a higher incidence of perturbed mesenteric circulation in cases with complex gastroschisis; however, the measurement method and the definition of abnormal Doppler were not described. Volumenie *et al*.[38](#UOG21888-bib-0038){ref-type="ref"} analyzed the influence of amnioinfusion on Doppler velocimetry of the SMA in 17 cases of gastroschisis and reported a significant positive correlation between the extra‐abdominal PI before amnioinfusion and maximal bowel dilatation (*r* = 0.54) and length of stay in the neonatal intensive care unit; no other correlations with neonatal outcome were found. Abuhamad *et al*.[39](#UOG21888-bib-0039){ref-type="ref"} conducted a prospective longitudinal study to determine whether Doppler velocimetry of the SMA could predict adverse neonatal outcome in 25 infants with gastroschisis. They found that about 50% of cases had SMA‐PI below the normal range and there was no difference between cases with simple and those with complex gastroschisis, which is in line with our findings. Blood‐flow velocimetry of both the intra‐ and extra‐abdominal SMA was unable to differentiate between good and poor neonatal outcomes, which is also in agreement with our findings. It seems that Doppler velocimetry of the SMA is not a useful parameter for differentiating between simple and complex gastroschisis cases and does not seem to be related to neonatal morbidity.

In keeping with other studies, we also found no relationship between complex gastroschisis or adverse outcome and either the AC or the EFW during gestation[16](#UOG21888-bib-0016){ref-type="ref"}.

Fetuses with an obstruction of the proximal small bowel generally have polyhydramnios[40](#UOG21888-bib-0040){ref-type="ref"}. Several studies have found a relationship between polyhydramnios and fetal bowel obstruction in gastroschisis cases. In a meta‐analysis by D\'Antonio *et al*.[16](#UOG21888-bib-0016){ref-type="ref"}, based on five studies, polyhydramnios was associated with bowel atresia, but the definition of polyhydramnios differed between the included studies. We did not find a relationship between polyhydramnios and bowel atresia, but polyhydramnios occurred in two of the three cases that resulted in neonatal death. However, the small number of cases prevents a firm conclusion from being drawn.

The major strengths of this national cohort study are its prospective and longitudinal design, and that all gastroschisis cases were evaluated prenatally and managed postnatally according to a standardized protocol. This enabled documentation of the individual trends in prenatal ultrasound markers, and detailed collection of postnatal outcomes, in a large sample of pregnancies. Another advantage of this study was the use of universal, objective and contemporary primary outcomes for risk‐categorization according to Molik *et al*.[9](#UOG21888-bib-0009){ref-type="ref"}, making it possible to reproduce the study.

One of the limitations of our study is that some data were missing. However, the missing values were randomly distributed with no differences between simple and complex gastroschisis cases. Therefore, the data are still representative of our entire gastroschisis population. We also did not try to distinguish the colon from the small bowel. In gastroschisis, the normal intestinal anatomic markers of the different bowel portions are missing and the haustra of the colon cannot be recognized. This prevents a clear differentiation being made between the small and large bowel in these cases. One could speculate that the clinical consequences of a dilated colon may be less serious than those of a dilated small bowel, knowing that atresia of the colon seldom occurs in gastroschisis[12](#UOG21888-bib-0012){ref-type="ref"}.

Not all ultrasound markers previously described in the literature were assessed in this study. As such, gastric dilatation or abnormal stomach size may be a prognostic marker for neonatal death[16](#UOG21888-bib-0016){ref-type="ref"}, and absence of a lumen in the extra‐abdominal loops may be a sign of complex (or in particular closing) gastroschisis[37](#UOG21888-bib-0037){ref-type="ref"}.

In conclusion, this study confirms the importance of classifying cases of gastroschisis into simple and complex for prediction of the outcome, which is poorer in the latter group. This large prospective longitudinal study indicates that intra‐abdominal bowel dilatation may be a useful prenatal marker in differentiating between simple and complex gastroschisis. The repeat presence of severely increased intra‐abdominal bowel diameter can reliably identify cases with complex gastroschisis; however, the predictive value of this marker seems to be limited.
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